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Background: Schistosomiasis is a tropical disease. Patients who develop hepatosplenic schistosomiasis have clinical 
findings including periportal fibrosis, portal hypertension, cytopenia, splenomegaly and gastrointestinal hemorrhage. 

Objective: The aim of this study was to analyze the hemostatic and hematologic findings of patients with 
schistosomiasis and correlate these to the size of the spleen. 

Methods: Fifty-five adults with hepatosplenic schistosomiasis and 30 healthy subjects were selected through 
a history of contact with contaminated water, physical examination and ultrasound characteristics such as 
periportal fibrosis and splenomegaly in the Gastroenterology Service of the Universidade Federal de Pernambuco. 
Blood samples were collected to determine liver function, blood counts, prothrombin ( international normalized 
ratio), partial thromboplastin time and fibrinogen and D-Dimer levels using the Pentra 120 hematological 
analyzer (HOR1BAIABX), Density Plus (test photo-optical Trinity Biotech, Ireland) and COBAS analyzer 6000 
(Roche). Furthermore, the longitudinal size of the spleen was measured by ultrasound (Acuson X analyzer 150, 
Siemens). The Student t-test, the Fisher test and Pearson's correlation were used to analyze the results with 
statistical significance being set for a p-value < 0.05. 

Results: The mean age was higher for the Study Group than for the Control Group (54 ± 13.9 vs. 38 ± 12.7 
years). The average longitudinal diameter of the spleen was 16.9 cm (Range: 12.3-26.3 cm). Anemia is a 
common finding in patients with schistosomiasis (36.3%). The mean platelet and leukocyte counts of patients 
were lower than for the Control Group (p-value < 0.001). Moreover, the international normalized ratio (1.42 
vs. 1.04), partial thromboplastin time (37.9 vs. 30.5 seconds) and D-Dimer concentration (393 vs. 86.5 nglmL) 
were higher for the Study Group compared to the Control Group. 

Conclusion: This study suggests that hematological and hemostatic abnormalities are associated with 
splenomegaly, hypersplenism and portal hypertension. 
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Introduction 

Schistosomiasis mansoni is a chronic parasitic disease and the most prevalent tropical 
liver disease in the northeastern region of Brazil. There are 200 million people affected by 
Schistosoma mansoni worldwide with 600 million people being exposed. Around 5-7% of the 
patients infected by S. mansoni progress to the most severe form, hepatosplenic schistosomiasis 
(HS). Many of these patients exhibit high morbidity associated with periportal fibrosis, portal 
hypertension, splenomegaly, upper digestive tract bleeding and cytopenia' 1 " 5 '. 

Hypersplenism is a consequence of massive splenomegaly and is a common finding in 
chronic liver diseases . In schistosomiasis , this results from hyperplasia of the reticuloendothelial 
system and consequently venous congestion caused by portal hypertension. Studies have 
reported a correlation between the increase of spleen size and drops in blood cell counts, 
mainly the platelet count. These findings depend on the severity of portal hypertension as 
some studies have shown that thrombocytopenia is more common in HS patients, especially 
after episodes of digestive tract bleeding' 6 8 '. 

Some studies have reported that compensated HS patients exhibit normal hepatic function 
even with some abnormalities in blood clotting. Other reports have called attention to hemostatic 
abnormalities in decompensated HS patients who develop ascites and upper digestive tract bleeding 
including increases in the prothrombin time/international normalization ratio (PT/INR), partial 
thromboplastin time (PTT), thrombin time (TT) and abnormalities in K-dependent factors. The 
liver plays an important role in the control of blood coagulation and disorders of parenchymal liver 
cell function affect the hemostatic system. Liver disorders may be associated with the reduction of 
coagulation protein synthesis, in particular in cirrhosis patients. These findings are still unclear and 
represent a contradiction for medical research, especially in studies involving liver diseases such as 
cirrhosis and schistosomiasis and other liver disorders that lead to progressive hepatic damage' 9 " 11 '. 

The purpose of this study was to evaluate the hematological and hemostatic abnormalities 
in patients with severe forms of schistosomiasis, and possible associations with splenomegaly 
and portal hypertension. 
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Methods 

Diagnosis 

Aprospective study was undertaken involving 55 compensated 
HS patients previously treated using praziquantel (50 mg/kg) and 
30 healthy subjects in the Outpatient Gastrointestinal Service of 
Hospital das Ch'nicas of the Universidade Federal de Pernambuco 
(UFPE), Recife, Brazil from 2010 to 2012. Patients and controls 
had comparable socioeconomic conditions including similar 
salaries, educations and lifestyles. The diagnosis and consecutive 
selection of HS patients was based on clinical history, physical 
examination and an abdominal ultrasonography that showed 
periportal fibrosis and splenomegaly. The abdominal ultrasound 
was performed using an ultrasound analyzer (Acuson X 150, 3.5 
MHz, Siemens). For this, we used the Cairo and Niamey protocols 
to measure the longitudinal diameter of the spleen and classify the 
pattern of fibrosis as central fibrosis (Pattern D), advanced fibrosis 
(Pattern E) or very advanced fibrosis (Pattern F) (1214) . 

Upper digestive tract endoscopy was used either to confirm 
or exclude the presence of esophageal varices and viral marker and 
liver function tests were performed to exclude viral hepatitis B and 
C. Patients suffering from alcoholism (> 60 g/day for men and > 40 
g/day for women) 1151 , systemic diseases such as diabetes mellitus, 
collagenosis, blood diseases (lymphoproliferative disease and 
lymphomas), those that were taking hepatotoxic, antiaggregant or 
anticoagulant drugs and every patient with a history of splenectomy 
or blood transfusions (within the previous 3 months) were carefully 
excluded. Stool samples were examined to detect intestinal 
parasites by the Lutz-Hoffman followed by Kato-Katz method. 
Routine liver tests included analysis of aspartate transaminase 
(AST) alanine transaminase (ALT), alkaline phosphatase (ALP), 
gamma-glutamyl transferase (yGT) and albumin. The Control 
Group had the same exclusion criteria as described above and 
were checked for possible contact with water contaminated by 
the cercariae of S. mansoni and positive parasitological tests. The 
compensated hepatosplenic form corresponds to the severe form of 
disease and includes patients with hepatosplenomegaly and portal 
hypertension, but without ascites, jaundice or encephalopathy (9) . 

Sample collection 

About 15 mL of venous blood was drawn under aseptic 
conditions without stasis and placed in vacuum tubes (Vacutainer; 
Becton Dickinson, UK). The first blood sample was placed in a 
polypropylene tube containing 0.106 M trisodium citrate at a blood- 
anticoagulant ratio of 9: 1 . These tubes were used for the coagulation 
tests (PT, PTT, fibrinogen and D-dimer). The blood samples were 
centrifuged at 2000 g for 15 minutes at4°C. Subsequently, the platelet 
free plasma was quickly distributed in 0.5 mL aliquots in plastic- 
capped tubes and stored at -80°C for six months until processing. A 
second sample , placed in a tube containing ethylenediaminetetraacetic 
acid (EDTA), was used for the complete blood count (CBC). A 
blood smear was prepared and stained for conventional microscopic 
analysis. The CBC was carried out by electrical impedance or 
light dispersion using a Pentra 120 analyzer (ABX, Sao Paulo, SP, 
Brazil). A third sample was collected for routine liver tests (AST, 



ALT, yGT, ALP, albumin) using biochemistry tubes (Becton 
Dickinson, UK) and the assay was performed using the COBAS 
6000 analyzer (Roche). The aliquots of plasma serum samples were 
also stored for the other tests. The hemostatic tests (PT/INR, PTT, 
fibrinogen and D-dimer) were carried out in an automated photo- 
optical coagulometer, (Trinity Biotech, Acton, Ireland) following 
the manufacturer's instructions. The study was conducted according 
to the norms of the Declaration of Helsinki. The protocols for the 
collection and use of human samples were submitted and approved 
by the Research Ethics Committee of the Health Sciences Center of 
the UFPE (N° 028/ 1 1 ) . All subjects received an explanation about the 
study and signed informed consent forms. 

Statistical analysis 

Statistical analyzes were performed using the unpaired 
Student t-test and Fisher's test for contingency analysis. These 
analyzes were performed using the Statistical Package for Social 
Sciences software (SPSS 17.0, Chicago, IL, USA). Continuous 
variables were expressed as means ± standard deviation (SD), 
median and range. Furthermore, the Pearson correlation test was 
employed to examine the relationship between the longitudinal 
diameter of the spleen and platelet counts. P-values of less than 
0.05 were considered statistically significant. 

Results 

The results are shown in Tables 1 & 2 and in Figures 1 to 4. 
The patients had a mean age of 54 ± 13.9 years and the 30 control 
subjects had a mean age of 38.3 ± 13.7 years (p-value < 0.001) 
but no difference was found in respect to the gender. The Niamey 



Table 1 - Liver function tests in hepatosplenic schistosomiasis patients and 
the Control Group 



Variable 


Control 
Group 


Hepatosplenic 
Group 


p-value 


Participants 


30 


55 




AST (units/L) median (range) 


20(15-29) 


39(15-201) 


< 0.0001 


ALT (IU/L) median (range) 


17.5 (9-27) 


36(12-257) 


< 0.0001 


ALP (IU/L) median (range) 


670(28-105) 


132 (58-1321) 


< 0.0001 


yGT (IU/L) median (range) 


24.5 (9-75) 


93(16-756) 


< 0.0001 


Albumin (g/L) (mean ± SD) 


43 ±5 


38 ±6 


< 0.0001 



AST: Aspartate transaminase; ALT: Alanine transaminase; ALP: Alkaline phosphatase; 
yGT: gamma-glutamyl transferase 



Table 2 - Distribution of the hepatosplenic schistosomiasis patients 
according to type of cytopenia 



Cytopenias n % 

No cytopenia 12 21.8 

Leukopenia in isolation 4 7 .27 

Thrombocytopenia in isolation 12 21.8 

Bicytopenia 17 30.9 

Pancytopenia 10 18.1 

Total 55 100 
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Figure 1 - Relationship between longitudinal diameter of the spleen and 
platelet counts in hepatosplenic patients 

A direct positive correlation was observed between splenomegaly and platelet counts in 
schistosomiasis patients (r2 = 0.034; p-value = 0.02) 
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Figure 2 - Image showing a massive splenomegaly (18.7 cm) in a 
hepatosplenic schistosomiasis patient 
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Figure 4 - Coagulation and fibrinolytic parameters in Control and 
Schistosomiasis Groups 



Figure 3 - Routine liver tests in the Control and Schistosomiasis Groups 

Data are expressed as means. Controls vs. hepatosplenic schistosomiasis (HS) patients 
AST: Aspartate transaminase; ALT; Alanine transaminase; yGT; gamma-glutamyl transferase 



Data are expressed as mean 

Controls vs. hepatosplenic schistosomiasis (HS) patients 

IRN: international normalized ratio; PTT; partial thromboplastin time; 

The D-dimer concentration was used for measure the fibrinolytic status and risk of bleeding 



classification of fibrosis showed predominance of advanced (pattern 
E - 30 patients; 54.5%), followed by pattern D (17 patients; 30.9%) 
with only eight patients (14.5%) having very advanced fibrosis 
(pattern F). The routine liver tests showed significant differences in 
relation to parameters such as albumin, AST, ALT, ALP and yGT 
between the groups (p-value < 0.001; Figure 1). 

Upper gastrointestinal bleeding was found in 34 (61.8%) 
patients. The mean longitudinal diameter of the spleen of the 



55 patients was 16.9 cm (Range: 12.3-26.3 cm) and the median 
platelet count was 101.0 x 10 9 /L. A total of 38 (69.1%) patients 
had thrombocytopenia (platelet counts below 150 x 10 9 /L). 
Furthermore, 14.5% of patients had platelet counts below 50 x 
107L (Table 1). There was an inverse correlation between the 
longitudinal diameter of the spleen and the platelet count (Figure 
2). It was also found that 36.3% of patients had anemia and 
47.3% presented leukopenia (cytopenias were different in each 
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patient). Table 2 shows the distribution of HS patients according 
to the type of cytopenia. Figure 3 demonstrates the massive 
splenomegaly of one patient with schistosomiasis. 

Figure 4 demonstrates that HS patients presented with 
increased INR, PTT, and fibrinogen and D-dimer concentrations. 
There were significant differences in respect to these parameters 
on comparing the Control Group with patients (p- value < 0.001). 

Discussion 

Portal hypertension is one of the most important consequences 
of S. mansoni infections. Due to the fibrotic process and 
venous congestion, HS patients develop hemodynamic changes 
associated with splenomegaly and high morbidity rates 06 '. In a 
recently study in the same region, Dias et al. (17, showed that 61% 
of HS patients had advanced or very advanced periportal fibrosis. 
In the current study, all HS patients presented with a severe form 
of HS and portal hypertension, 38 (69%) had advanced and very 
advanced liver fibrosis (pattern E+F) and 34 (61 .8%) patients had 
gastrointestinal bleeding. This proves that these patients have 
advanced disease and that changes in liver function tests may be 
related to the high frequency of advanced fibrosis. 

Camacho-Lobato et al. and Tanabe reported that a large 
number of HS patients present conserved liver function even 
with periportal fibrosis' 9 - 1 '>. However, this study demonstrates 
elevated liver function tests and remarkable changes in 
coagulation tests. Some studies have reported varied frequencies 
of thrombocytopenia (30 to 75%) depending on the stage of 
portal hypertension' 8161 . Lower values of platelet counts are seen 
especially in patients with HS after gastrointestinal bleeding. This 
was also seen in the current work with the possible cause being 
the increase of spleen and hypersplenism leading to frequent 
thrombocytopenia, leukopenia and anemia. 

Thrombocytopenia is a common feature in chronic liver 
disease. Correia et al.' 8) showed that thrombocytopenia can be 
compensated by increased levels of von Willebrand factor in 
HS patients. Other studies have shown that nearly 50% of HS 
patients exhibit thrombocytopenia, 16% bicytopenia and 7% 
anemia or leukopenia' 18 '. Anemia in patients with liver disease 
is often multifactorial and may be associated with iron and folic 
acid deficiency or even an inflammatory process. Red blood 
cell survival is often shortened in chronic liver disease with the 
increased spleen being a major site of red blood cell destruction' 17 '. 
In this study, high frequencies of thrombocytopenia (74.1%), 
leukopenia (47.3%), anemia (36.3%), bicytopenia (30.9%) and 
pancytopenia (18.2%) were found. The high frequencies of 
cytopenias found may be associated with the increased spleen 
size and the consequent hypersplenism leading to an increase 
in scavenging and retention of blood cells in the spleen, mainly 
platelets and white blood cells. Furthermore, anemia may be 
accentuated because of the low socioeconomic situation of the 
patients and due to blood loss from upper digestive tract bleeding. 

Berzigotti et al. (19) used the diameter of the spleen 
combined with platelet count as a noninvasive marker of portal 
hypertension; these tools can also be used to predict esophageal 
varices and upper gastrointestinal bleeding episodes, especially 
in asymptomatic patients with cirrhosis. In this study, an inverse 



relationship was found between platelet count and longitudinal 
diameter of the spleen. Concomitant enlargement of the spleen 
from 15 to 20 cm together with a platelet count below 100 x 
10 9 /L is an excellent predictor of portal hypertension, esophageal 
varices and upper digestive tract bleeding, even in asymptomatic 
patients with schistosomiasis. These two parameters combined 
with an increased INR could be a useful noninvasive tool to 
predict a different behavior of portal hypertension in patients 
with HS. Nevertheless, further studies are needed to identify 
other noninvasive markers and thus validate a score to classify 
the different stages of schistosomiasis and other liver diseases. 

A recent study showed that the levels of thrombopoietin 
and reticulated platelets were normal in schistosomiasis patients 
with portal hypertension and that the bone marrow produces 
platelets normally' 20 '. The cytopenias in schistosomiasis patients 
may occur because the cells are retained in the spleen due to 
difficulty in draining portal blood. Additionally, platelets may be 
retained in the sinusoidal spaces of the fibrotic liver. Some studies 
have shown that the degree of liver fibrosis is associated with 
the degree of esophageal varices and that the risk of bleeding is 
associated with the degree of liver fibrosis' 21 '. Studies by Kopke- 
Aguiar et al. (20) report that there are no changes in the production 
of platelets in the bone marrow in schistosomiasis patients. 

Conclusion 

The present study suggests that the hematological 
abnormalities seen in HS patients are associated with 
splenomegaly, hypersplenism and portal hypertension. However, 
further studies are needed to verify whether the platelet count 
might be a non-invasive tool to assess portal hypertension. 
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